The Ionospheric Weather Assessment and Forecast (IWAF) system is a computer software package 12 designed to assess and predict the world-wide representation of 3-D electron density profiles from the 13 Global Ionospheric Maps of Total Electron Content (GIM-TEC). The unique system products include 14 daily-hourly numerical global maps of the F2 layer critical frequency (foF2) and the peak height 15 (hmF2) generated with the International Reference Ionosphere extended to the plasmasphere, IRI-Plas, 16 upgraded importing the daily-hourly GIM-TEC as a new model driving parameter. Since GIM-TEC 17 maps are provided with one-or two-days latency, the global maps forecast for one day and two days 18 ahead is envisaged using the harmonic analysis applied to the temporal changes of TEC, foF2 and 19 hmF2 at 5112 grid points of a map encapsulated in IONEX format (-87.5º:2.5º:87.5ºN in latitude, -20 180º:5º:180ºE in longitude). The system provides online the ionospheric disturbance warnings in the 21 global W-index map establishing categories of the ionospheric weather from the quiet state (W=±1) to 22 intense storm (W=±4) according to the thresholds sets for instant TEC perturbations regarding quiet 23 reference median for the preceding 7 days. The accuracy of IWAF system predictions of TEC, foF2 24 and hmF2 maps is superior than the standard persistence model with prediction equal to the most 25 recent 'true' map. The paper presents outcome of the new service expressed by the global ionospheric 26 2 foF2, hmF2 and W-index maps demonstrating process of origin and propagation of positive and 27 negative ionosphere disturbances in space and time and their forecast under different scenarios. 28 29
products. This means that a departure of the IWAF prediction of TEC map from the true UHRG map is 227 less than the difference between the different Iono-WG maps for the quiet day. This advantage, 228 however, is not so evident for the sunlit hours of the storm day (right panel) when the IWAF 1-day 229 ahead forecast for the storm day remains more accurate than the 2-days ahead forecast U2PG (Garcia-230 Rigo et al., 2011) and more consistent with the UHRG true data than the mean Iono-WG IGRG map 231 which smoothes the extreme storm signatures during averaging of the few source GIM-TEC maps. 232
The one day forecast and two days forecast by the IWAF system are compared in Table 2 for Wp=3.5 and the peak Wp = 6.7 i.u. (index units) during the day (see Wp and Dst variation in Figure  236 7). The comparisons in Table 2 are made using the relative error X (Eqn. 3). The total number of the 237 grid values used for the comparison amounts to n=122,688 for the 24 daily-hourly set of the maps, for 238 each type of a map (foF2, hmF2, TEC) and two types of forecast products (1-day and 2-days ahead). 239
The IWAF forecast is based on UHRG maps for 27-30 September, 2012, in producing the one day 240 forecast for October 1, and on UHRG maps for 27-29 September, 2012, and also 1-day forecast for 241
September 30, 2012, in producing the 2-days forecast for October, 1. Results are given in Table 2 in  242 terms of local time, hours, compiled and averaged from 0 to 23 h UT maps. Results presented in Table  243 2 appear to be very promising. The X error is less during the night than during the daytime, slightly 244 growing towards noon. The 2-day forecast is slightly less accurate than the 1-day forecast as should be 245 expected. The forecast product maps of foF2 and hmF2 (being based on IRI-Plas products of the 246 relevant maps) show a better accuracy than the TEC forecast which is compared with the 'true' 247 reference UHRG map for the October, 1. 248 The W-index of the ionospheric quiet state, moderate disturbance, moderate storm or an intense 276 storm is assigned according to the categories given in Table 3 . The derivation of the W-index map 277 from GIM-TEC maps is specified in Appendix A. The W-index can also be computed using foF2, 278 instead of TEC in the equations A1-A9 (Gulyaeva et al., 2008) . In IWAF system the W-index is 279 computed using the source JPLR and UHRG maps and forecast of GIM-TEC with Eqns. (1-2) . 280 The RMSE in a vector form is equal to 304
The IWAF system forecast with Eqns.1-2 for 1-day prediction (RMS1) and 2-day ahead 308 prediction (RMS2) are compared with standard persistence model (RMS0) which assumes that 309 prediction is equal to the true value for the preceding day. Table 4 contains the results (a) for TEC 310 maps, (b) foF2 maps, (c) hmF2 maps. It follows from Table 4 that the RMSE is lower for the quiet (q) 311 day as should be expected because the harmonic analysis limited by 5 harmonic terms reproduces 312 more common (quiet) features of the four preceding days. The RMSE is growing at transition from 313 quiet day to the positive storm day (s+) because no assumption is put so far on an expected plasma 314 injection into the ionosphere-plasmasphere space. The RMSE is largest for the negative storm day (s-) 315 because the harmonic analysis for the preceding four days includes the day of the positive ionosphere 316 storm hence the residuals are growing at transition from the day of plasma input to the day of plasma 317 loss. The JPL maps errors are less than the UPC maps errors but the general trends are similar for the 318 both sets of the data. The IWAF results in total provide higher accuracy with less RMSE than the 319 persistence model. 320 321
Results 322
One of the objectives of this project is to provide the daily-hourly global foF2, hmF2 and W-323 index maps congruent with GIM-TEC product. An example of these maps along with the source 324 UHRG map is provided in Figure 5 for 1200 UT of the storm day on October 1, 2012, which is 325 analyzed in Table 2 . The maps in Figure 5 are placed on the topographic map for longitudes from 0º to 326 360º E so that for 1200 UT, the noon is shown at 0º E, the midnight at 180º E, and sunrise-sunset in 327 between. 328 increased. The data for this day are also analyzed in Table 2 and illustrated by the global maps in 380 
Intense negative W -storm 630 631   Table 4 . Validation of IWAF system prediction of GIM-TEC (a), foF2 (b), and hmF2 (c) maps 1-day 632 ahead (1) and 2-days ahead (2) along with the standard persistence model (0) which assumes that 633 prediction is equal to data of numerical map for the preceding day. Daily averaged noon and midnight 634 data are selected from 24 hourly UT maps, for quiet (q) day, dominant positive storm day (s+), and 635 dominant negative storm day (s) for three months of 2012 (January, April, and Weather site. Projection of the magnetic field line on the Earth's surface is shown by white lines for 678 five pairs of the conjugate locations used for the subsequent analysis (Table 5 and Figure 7) . 679
